Aim-To examine proliferative activity using the Ki-67 protein, oestrogen receptor protein, and progesterone receptor protein expression in the rete ovarii, and to make comparisons with their expression in endometriosis. Methods-Immunohistochemistry was used to study the rete ovarii in 24 cases and endometriosis in seven cases, using antibodies to Ki-67 protein (growth fraction (GF) quantified using a point score method) and oestrogen receptor and progesterone receptor (quantified using the H score method). Results-There was no evidence of a significant diVerence in the Ki-67 protein, oestrogen receptor, and progesterone receptor in the rete ovarii in diVerent phases of the menstrual cycle (proliferative phase: GF = 1.052, oestrogen receptor H score = 13.4, progesterone receptor H score = 15.32; secretory phase: GF = 0.736, oestrogen receptor H score = 7.5, progesterone receptor H score = 1.84). The expression of all three proteins was greater in the foci of endometriosis (GF = 6.99, oestrogen receptor H score = 152.02, progesterone receptor H score = 127.36) than in the rete ovarii (p < 0.0005-0.0008, Mann-Whitney U test). Conclusions-There is a low rate of cellular proliferation in the rete ovarii and this structure shows less responsiveness to hormone stimulation than foci of endometriosis. These diVerences may provide a useful tool to distinguish the rete ovarii from endometriosis in cases of diagnostic diYculty. (J Clin Pathol 1999;52:517-520) 
The rete ovarii is a group of epithelial tubules located at the hilum of the ovary. It is commonly identified as an incidental finding in histological sections of the ovary obtained from patients with a range of gynaecological conditions. Rarely it gives rise to cysts and to benign and malignant tumours. [1] [2] [3] Its major importance in human diagnostic practice is said to be in distinguishing it from endometriosis. 4 While there are histological criteria for distinguishing endometriosis from other conditions, the distinction may at times be diYcult. 5 The immunohistochemical profile of the rete ovarii has been studied in humans and animals and it has been shown to express cytokeratin and vimentin intermediate filament proteins, [6] [7] [8] desmoplakin, and laminin. Although characterised in endometriosis, 9 10 the proliferative activity and expression of oestrogen receptor and progesterone receptor proteins have not been described in the rete. The capacity of diVerent tissues to respond to steroid hormones has been evaluated mainly according to the concentration of oestrogen receptor and progesterone receptor. Assays of these receptors have been used in determining the best treatment of various diseases, in particular carcinoma of the breast. 9 Our aim in this study was to examine proliferative activity of the cells composing the rete ovarii using the Ki-67 protein (which is expressed in all stages of the cell cycle except G0 and early G1, reaching a peak at G2 and M phases 11 ) together with oestrogen receptor and progesterone receptor proteins, and to establish their value in distinguishing the rete ovarii from foci of endometriosis.
Methods
Thirty one patients who had had total abdominal hysterectomies with bilateral salpingooophorectomies were selected for the study. Patients with malignant conditions were excluded. The specimens were dissected and blocks selected according to the departmental dissection protocol. Blocks were taken sagitally across the ovary and fallopian tube to include the mesovarium and mesosalpinx, and the rete ovarii was sought microscopically. In 24 cases in which there was no evidence of endometriosis or neoplasia in the specimen, the rete ovarii was identified for further study. In five patients the fallopian tube was extensively sampled to permit comparison between Ki-67, oestrogen receptor, and progesterone receptor expression in this structure, acting as a control, with that in the rete ovarii. Seven patients with endometriosis related to the ovary or fallopian tube were also studied. Following routine processing, 5 µm sections were mounted on 3'3'-aminopropyl-triethoxysaline (APES) coated slides. The sections were incubated in primary antisera/antibodies at the stated dilutions (table 1) following antigen retrieval by either microwaving the sections in 10 mM ethylenediamine-tetra-acetic acid (EDTA) for 25 minutes at high power (600 W microwave) or trypsin pretreatment for 20 minutes at 37°C. The reaction was detected using the Dako Envision system (Dakoplats) and diaminobenzidine (DAB) with H 2 O 2 . Slides were counterstained with haematoxylin. A positive reaction was detected with each antibody when there was distinct brown staining in the nuclei (Ki-67, oestrogen receptor, progesterone receptor) or cytoplasm (MNF 116) of the epithelial cells, faint staining being regarded as negative.
The presence of a reaction was quantified in two ways, depending upon the antibody being examined. The Ki-67 growth fraction was quantified using a simple point scoring system, with the number of positive cells expressed as a percentage of the total counted. 12 The second method employed the H score technique. This method seeks to quantify the actual concentration of protein present in the tissue, because in addition to calculating the proportion of positive cells, each cell is assigned a score from 0 to 3 depending on the intensity with which it has reacted to the antibody, as indicated by its staining with DAB. The score (0-3) is multiplied by the percentage of cells which stain with each level of intensity, and the sum of these mathematical products is expressed as a score of 0-300. A close association between the results of biochemical methods of quantifying the concentration of hormone receptor proteins and the H score has been demonstrated, 13 14 and has been used previously in the study of endometriosis. 10 The combination of immunohistochemistry and the H score method permits the reaction of the antibody in epithelial cells to be distinguished from that in the stroma, as the distribution of hormone receptors may diVer in epithelium and stroma. 9 The calculation of a running mean determined the optimum number of cells to be counted. 15 The results were analysed using the Kruskal-Wallis test and the MannWhitney U test on a Statview 4.0 program (Abacus Concepts).
In addition to the usual positive and negative controls, a section from each block was stained using the anticytokeratin antibody (MNF116). This was to ensure that the immunogenicity of the sections was preserved after processing.
Results
The intensity of the reaction in foci of endometriosis (figs 1-3) was greater than in the rete ovarii (figs 4 and 5) . The reactivity of the antibodies to Ki-67 protein, oestrogen receptor, and progesterone receptor is presented in table 2. The expression of these proteins in different phases of the menstrual cycle showed no evidence of a statistically significant diVerence. There was a greater expression of all three proteins in foci of endometriosis and in the fallopian tube, which acted as a control tissue, than in the rete ovarii. These results were statistically significant at the 5% level.
Of the seven patients with endometriosis, five were in the proliferative phase of the cycle and two were in the secretory phase. Two patients had been treated with intramuscular injections of leuporelin acetate up to three months before their operation. None was receiving hormonal therapy or treatment with hormone antagonists at the time of their operations. There was no evidence of a statistically significant diVerence in Ki-67, oestrogen receptor, or progesterone receptor reactivity in the endometriotic foci in the two phases of the cycle, or in patients who had or had not been treated.
Expression of cytokeratin intermediate filament proteins, as detected using the MNF116 antibody, was confirmed in the three tissue types in all the sections examined.
Discussion
The low rate of proliferation in the rete ovarii as detected using this antibody to Ki-67 suggests a lower growth rate in this tissue than in other tissues in the female genital tract, including the fallopian tube epithelium and more particularly in ectopic endometrium in foci of endometriosis. These findings may help to explain the comparative rarity with which benign and malignant tumours arise in this structure compared with other sites in the female genital tract. [1] [2] [3] The lower levels of oestrogen receptor and progesterone receptor in the rete also suggest a lesser degree of responsiveness to hormone stimulation in this The Ki-67 protein growth fraction was expressed as the proportion of positive cells as a percentage of the total. Oestrogen receptor and progesterone receptor expression was quantified using the H score method.
structure, which may explain the low proliferation rate.
There have been previous studies of proliferative activity using Ki-67 and oestrogen and progesterone receptor expression in eutopic endometrium and endometriosis. 9 10 16 We are unaware of any study describing the proliferation index in the rete ovarii using Ki-67, or of oestrogen receptor or progesterone receptor expression in this structure. Substantial diVerences in Ki-67, oestrogen receptor, and progesterone receptor expression in the rete ovarii and in the apparently more active endometriotic foci may provide a useful tool for distinguishing these tissues in cases of diagnostic diYculty.
